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be difficult for alloy layers used in this study,
could be ignored. Spectral response of the 
photoconductivity was characterised under 
various bias conditions.
Experiments 
MgCdS/ZnCdS short period superlattices and
ZnMgCdS layers were grown on semi insulating
(001) oriented GaAs substrates by MBE (VG,
V80H). Zn (6N super), Mg (6N), and CdS (6N)
were used as source materials.The quaternary
alloy was grown under the condition such that
Cd could be replaced by Mg or Zn [4, 5].The
substrate temperature was monitored using a
pyrometer and was calibrated by the oxide des-
orption temperature of GaAs which was per-
formed under the no molecular beam exposure.
The growth temperature was varied between
150oC and 250oC.The effect of the heat radia-
tion from the CdS oven on the substrate surface
temperature could seriously affect the film qual-
ity, and it was actively compensated by using
the irradiation from the heated filament [5].
Optical properties and bandgap energies of epi-
layers were characterised by the low-tempera-
ture (10K) PL and photoreflectance measure-
ments.An He-Cd laser (325nm) and a xenon
lamp were used as light sources for PL and pho-
toreflectance measurements, respectively.An
energy dispersive X-ray spectrometer (EDX)
was routinely used to measure the mole-fraction
ratio of the alloy.
After the film growth,Au electrodes were evapo-
rated to form MSM structures.The photosensitivi-
ty was characterised by irradiating the mono-
chromated light from surfaces, and measuring
the photoconductivity along the lateral direction.
Results
After the substrate was loaded into the growth
chamber, its surface was cleaned using an atomic
hydrogen beam whose cracking temperature was
about 1700oC [4, 6, 7].After the atomic hydrogen
treatment, the substrate surface exhibited a
streaky RHEED pattern; the well-defined (3x6)
reconstruction structure and atomically smooth
surfaces were confirmed [6].Although the
streaky RHEED pattern was obtained from the
GaAs substrate surfaces, the initial stage of the
ZnSe buffer layer nucleation was dominated by
the spotty RHEED pattern.The spotty pattern
was soon replaced by the streaky pattern, and
the observed RHEED pattern during the most of
buffer layer growth was a (2x1) pattern with
faint reconstruction streaks.
Several superlattice structures were grown on
the homoepitaxial layer of GaAs.The homoepi-
taxial layer was grown in the other MBE cham-
ber and the epilayer surface was passivated by an
amorphous As layer, prior to the transfer under
air. The removal of the passivated layer was per-
formed by annealing the substrate temperature
at the nucleation temperature of the ZnSe layer,
and well defined streaky pattern was developed.
In contrast to the nucleation of ZnSe on the
atomic hydrogen treated GaAs substrate surface,
the streaky pattern was maintained throughout
the nucleation process of ZnSe.[8,9] 
The superlattice structures grown on the
homoepitaxial layers exhibited improved RHEED
pattern during the film growth, which probably
implies that crystal quality of the superlattices
grown on the homoepitaxial buffer would be
superior to those grown without the homo-
epitaxial buffer layer.
Figure 1 shows the cross sectional TEM image of
a Zn0.4Cd0.6S (3.4nm)/Mg0.7Cd0.3S (2.2-nm)
superlattice structure. It was confirmed that well
defined superlattice structures with designed
superlattice periodicities could be grown under
the growth condition employed.The lattice mis-
match strain between ZnCdS and MgCdS proba-
bly affected the interface abruptness and caused
the formation of the dislocation; further consid-
eration against the growth parameters would be
required to improve the structural quality.
Figure 2 compares the low temperature photo-
luminescence (PL) of a Zn0.4Cd0.6S (3.4 nm)
/Mg0.7Cd0.3S (2.2nm) short period superlattice
structure and a quaternary alloy layer of
Zn0.2Mg0.35Cd0.45S. Low temperature PL exhibit-
ed that the intense and sharp luminescence peak
was observed from the superlattice sample com-
pared with the quaternary alloy layer with simi-
lar bandgap energy. (The PL intensity of the 
quaternary alloy was stronger than that of binary
layers.) Reflectance measurement performed for
the identical sample suggested the main peak
was related to the band edge feature of the short
period superlattices.
The PL peak position could be controlled by
changing the layer thickness, as well as the
mole fraction ratio of the ternary alloy.
Figure 3 summarises the PL peak position as a
function of the ZnCdS well layer thickness.The
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UV-A sensors of MgCdS /ZnCdS
Ultra violet radiation sensors are a new, but
interesting market, which has been studied
by Professor Masakazu Kobayashi of
Waseda University and his co-authors. 
In a paper given at ICMBE in August, he
examines the application of visible blind
UV-A sensors which was extensively studied
for wide bandgap II-VI compound epitaxial 
layers, where the growth of ZnMgCdS 
quaternary alloys and MgCdS/ZnCdS short
period superlattices were performed, and
UV-A sensors fabricated. 
Ultra-violet (UV) radiation is a growing health
concern, since it can reduce the effectiveness of
the human immune system.As sunlight passes
through the atmosphere, UV-C (100-280nm) and
most of UV-B (280 - 315nm) are absorbed. UV-A
(315-400nm) radiation however, is less affected
by the atmosphere. So the UV radiation reaching
the Earth’s surface is largely composed of UV-A
with a small UV-B component.
To measure the intensity of the UV radiation in
a convenient way, the realisation of high per-
formance solid state UV sensors is expected.
Wide bandgap II-VI compound could exhibit
room temperature bandgap around 3eV and it
would correspond to the UV-A region.The
application of visible blind UV-A sensors has
been extensively studied for wide bandgap II-VI
compound epitaxial layers [1-5].
Among compound materials, ZnMgCdS quater-
nary alloy is one of II-II-II-VI compounds which
could exhibit the room temperature bandgap
corresponding to the UV-A region (about 3 eV).
The significant advantage of this material is the
controllability of the alloy composition, since
only sulfur is the anion in the alloy.
The growth of ZnMgCdS was recently per-
formed, and the fabrication of the UV-A sensor
was performed. [4, 5] In this study, MgCdS/ZnCdS
short period superlattices were employed and
the material property, as well as the device per-
formance, was compared with the quaternary
alloy. One of the advantages using the ternary
alloy superlattice is the control of the alloy mole
fraction; the mole fraction control of the ternary
alloy would be much easier than that of the qua-
ternary alloy.
The quantum effect in the superlattice could
realise the various structures with the designed
bandgap energy.The lattice constant of MgCdS/
ZnCdS short period superlattices, as well as
ZnMgCdS quaternary alloy, could be adjusted to
that of GaAs while maintaining the bandgap
energy to be around 3eV.The effect of room 
temperature exciton features may play important
roles to improve the device performance of UV-A
sensors.
The common problem associated with growing
thin films of S compounds by MBE is related to
the high vapour pressure of S; huge amount of S
beam would be required to grow layers with a
reasonable growth rate, since the sticking co-
efficient of S would be extremely small. In this
study, CdS was used to improve the controllabili-
ty of the molecular beam; the vapour pressure of
CdS was adequate for the MBE growth and the
number of ovens could be reduced by using the
compound source.
Ternary alloy layers of MgCdS and ZnCdS were
grown under the condition where Cd could be
replaced by Mg or Zn.The superlattice structures
were grown on GaAs substrates, while some of
them were grown on top of the homoepitaxial
layers.The metal-semiconductor-metal (MSM)
device structure was a focus in this study since
the valence control of the crystal, which would
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Fig.1 Cross sectional TEM
image of the superlattice/
substrate interface region.
The structure consists of 
Zn0.4Cd0.6S (3.4 nm,
black)/Mg0.7Cd0.3S
(2.2 nm, white). 
high sensitivity and a rejection ratio in the UV-A
region with a sharp cut-off in the visible wave-
length region.The MgCdS/ZnCdS superlattice
could be a novel device material for the UV-A
sensors.
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PL peak position was theoretically predicted
using a simple Kronig - Penny’s model.As can
be seen from the figure, the experimental data
agreed well with the theoretical value and the
peak energy could be tuned between 3.5 and
2.9eV by varying the thickness of Zn0.4Cd0.6S
from 1nm to 3nm.
After the film growth,Au electrodes were evapo-
rated to form MSM structures and photo-sensitivi-
ty was characterised.The fabricated MSM device
structure consisted of two Au electrodes
(2mmx300µm) separated by a 300µm gap.The
spectral response measurement of MSM devices
at a 10V bias was shown in Fig. 4. Samples were
undoped and exhibited a low dark current level
(about 3.5 x10-12 A at 5V).As a consequence of
the absorption window, a high responsivity was
obtained for the UV region. Both Zn0.3Mg0.05
Cd0.65S quaternary alloy and Zn0.2Cd0.8S (2.3
nm)/Mg0.6Cd0.4S (0.8 nm) ternary alloy super-
lattice showed the cut-off wavelength region
around 450nm.
The cut-off wavelength of the sensitivity was also
affected by the alloy composition.The maximum
sensitivity position was corresponding to the
bandgap energy of the sample.The slight
decrease in the shorter wavelength region is
probably associated with the surface recombina-
tion of the carrier [10].The sensitivity rapidly
dropped beyond that position and was negligible
throughout most of the visible wavelength
region.The rejection rate of longer wavelengths
was greater than 3x103.
Conclusion 
ZnMgCdS quaternary alloy layers and
MgCdS/ZnCdS short period superlattices were
grown using the CdS compound source.
Homoepitaxial GaAs buffer layers were useful to
improve the crystal quality of the successive
superlattice layers.Well defined superlattice
structures were confirmed. Low temperature PL
measurement indicated that the superlattice sam-
ples exhibited strong PL peak 5 corresponding
to the bandgap energy.T
The quaternary alloy layer and superlattice layers
were applied to the UV-A sensor with the MSM
configuration.The photodetectors exhibited a
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Fig.2 Low temperature PL of the superlattice
and the quaternary alloy.
Fig.3 PL peak position as a function of the
ZnCdS layer. The structure consists of
Zn0.4Cd0.6S (well: xnm)/Mg0.9Cd0.1S (barri-
er:1.5nm).
Fig.4 Photo-responsivity of ZnCdS/MgCdS super-
lattice sensor and ZnMgCdS quaternary alloy
sensor.. 
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